Holt-Oram syndrome is an autosomal dominant condition characterized by skeletal and cardiac defects. Pulmonary malformation is not reported to belong to the spectrum of this condition. We report a second case of a newborn with Holt-Oram syndrome who developed severe respiratory insufficiency shortly after birth. We discuss possible genetic links between abnormal pulmonary morphogenesis and Holt-Oram syndrome.
INTRODUCTION

Holt-Oram syndrome (H-O.S)
is a rare autosomal dominant association of upper-extremity skeletal abnormalities and congenital heart disease. 1 Mutations in the T-box transcription factor 5 (TBX5) gene, mapped to the long arm of chromosome 12, have been identified in patients with H-O.S. 2 The phenotype of H-O.S has been well defined in previous publications. [3] [4] [5] Only one paper reports a case of H-O.S with pulmonary abnormalities, leading to severe respiratory insufficiency shortly after birth. 6 We report another case of a newborn with H-O.S who developed severe respiratory insufficiency immediately after birth.
CASE REPORT
The patient was the second child in a family known with HoltOram syndrome. The sister and father of this patient, as well as the grandmother and an uncle, were affected. In this patient agenesis of both thumbs was diagnosed prenatally and he was delivered vaginally at 40 weeks of an uncomplicated pregnancy. The child developed severe respiratory insufficiency with a need for endotracheal ventilation within 2 hours after birth. On admission in the neonatal intensive care unit, we found a ventilated baby with birth weight ¼ 3900 g, length ¼ 50.5 cm and head circumference ¼ 37 cm. There was agenesis of both thumbs, and heart auscultation revealed a systolic murmur 3/6.
The chest X-ray film demonstrated cardiomegaly and pulmonary vascular plethora. The right lung was less aerated, while the left one was in hyperexpansion. Echocardiography showed a large atrial septal defect and a small apical ventricular septal defect. Radiographs of both forearms showed hypoplasia of the radii and absence of metacarpals and phalanges of both thumbs.
During the first 6 hours after admission, the respiratory condition deteriorated with rising oxygen need (F i O 2 ¼ 98%) and respiratory acidosis (pH ¼ 7.18; p a CO 2 ¼ 82.4 mmHg). Although the baby was initially ventilated with low pressure (PEEP ¼ 4 cmH 2 O; PIP ¼ 20 cmH 2 O; MAP ¼ 9 cmH 2 O), he developed a pneumothorax on the right side. Despite succesful drainage, oxygenation remained problematic with an oxygenation index ¼ 22 at the age of 36 hours. Nitric oxide inhalation therapy was initiated. During the next 13 days, the baby needed maximal ventilatory support. Afterwards, he could be gradually weaned off the ventilator and was extubated on day 19 of life. Supplementary oxygen was needed until day 28 of life. There were no arguments for infection, including ureaplasma and mycoplasma.
On day 33, the baby was transferred to the referring hospital and was invited for follow-up in the polyclinic of medical genetics. However, the baby was lost to follow-up. DISCUSSION H-O.S is an autosomal dominant condition characterized by skeletal and cardiac defects with a wide intrafamilial variability.
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Pulmonary malformation is not reported to belong to the spectrum of this condition. In our patient, the atrial septal defect could not have been responsible for the severe respiratory insufficiency immediately after birth.
Kullmann et al. 6 described a newborn with H-O.S who also developed respiratory insufficiency shortly after birth. She needed prolonged artificial ventilation and ended up with a tracheostomy. Bronchography and CAT scan of the lungs at 6 weeks of age showed cystic malformation of the right lung and, to a lesser extent, in the left lung, compatible with pulmonary dysplasia and hypoplasia. The authors concluded that the pulmonary findings were not features of H-O.S.
Our patient is an additional patient with H-O.S who presented with unexpected severe respiratory insufficiency immediately after birth. The clinical and radiological course was considered as compatible with sublethal pulmonary hypoplasia. We performed no further investigations such as CT scan of the thorax, as the pulmonary condition of our patient progressively ameliorated after 2 weeks of maximal ventilatory support. Therefore, we cannot exclude that there was a primary abnormality in branching morphogenesis in the left lung, accompanied by hyperinflation, which led to hypoplasia of the right lung parenchyma.
Is there a possible link between H-O.S and pulmonary abnormalities? TBX5 is critical for limb and heart development and it is suggested that haploinsufficiency of TBX5 causes H-O.S. 2 Unfortunately, we could not look for mutations in the TBX5 gene in this patient, since the family was lost to follow-up after discharge from the hospital. TBX5 is expressed in mesenchyme surrounding the lung buds and trachea during chick and mouse organogenesis. 7, 8 Decreased pulmonary expression of Forkhead Box f1 (Foxf1) transcription factor in heterozygous newborn mice is associated with defects in alveolarization and pulmonary vasculogenesis, which are lethal in 55% of mice. 9 Moreover, TBX5 mRNA is reduced in mice with low Foxf1 levels, suggesting that Foxf1 may play a role in the transcription of the TBX gene. Whether deficiency of Foxf1 activity may contribute to the HoltOram phenotype through TBX5 deficiency remains to be discerned. On the other hand, TBX5 plays a pivotal role in the activation of the fibroblast growth factor (FGF) signaling pathway during mammalian lung morphogenesis.
10 FGF10 seems to be the best candidate for controlling both the architecture of epithelial branching and the cytodifferentiation of the lung epithelial cells. This may represent another common pathway for limb, heart and lung abnormalities in H-O.S.
In conclusion, we reported another patient with H-O.S and unexpected severe respiratory insufficiency at birth. We hypothesize that this may be due to abnormal pulmonary morphogenesis, which may be linked to TBX5 gene mutations via transcription factors or FGF. If so, pulmonary abnormalities may be a feature of H-O.S.
